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Description 

STRUCTURE AND METHOD FOR 
MANUFACTURING PLANAR SOI 
SUBSTRATE WITH MULTIPLE 
ORIENTATIONS 

Background of Invention 

[0001] This application is related to co-pending and co-assigned 
U.S. patent Application Serial No. 10/250,241 entitled 
High Performance SOI Devices on Hybrid Crystal-Ori- 
entated Substrates, filed on June 17, 2003, the entire con- 
tent and subject matter of which are incorporated herein 
by reference. 

[0002] The present invention relates to semiconductor devices. In 
particular, the present invention provides a means for in- 
tegrating at least two types of semiconductor devices, 
such as nFETs and pFETs, onto a planar silicon- 
on-insulator (SOI) substrate having different crystallo- 
graphy orientation. The location of each device on the 



planar SOI substrate is dependent upon the performance 
that the device has on a particular crystal orientation. 

[0003] For more than three decades, the continued miniaturiza- 
tion of silicon metal oxide semiconductor field effect 
transistors (MOSFETs) has driven the worldwide semicon- 
ductor industry. Various showstoppers to continued scal- 
ing have been predicated for decades, but a history of in- 
novation has sustained Moore"s Law in spite of many 
challenges. However, there are growing signs today that 
metal oxide semiconductor transistors are beginning to 
reach their traditional scaling limits. A concise summary 
of near-term and long-term challenges to continued 
CMOS scaling can be found in the "Grand Challenges" sec- 
tion of the 2002 Update of the International Technology 
Roadmap for Semiconductors (ITRS). A very thorough re- 
view of the device, material, circuit, and systems can be 
found in Proc. IEEE, Vol. 89, No. 3, March 2001, a special 
issue dedicated to the limits of semiconductor technology. 

[0004] since it has become increasingly difficult to improve MOS- 
FETs and therefore complementary metal oxide semicon- 
ductor (CMOS) performance through continued scaling, 
methods for improving performance without scaling have 
become critical. One approach for doing this is to increase 



carrier (electron and/or hole) mobilities. Increased carrier 
mobility can be obtained, for example, by building MOS- 
FETS on Si surfaces that are orientated in directions differ- 
ent than conventional (100) Si. For example, the (100) 
crystal surface provides n-type field effect transistors 
(nFETs) with high performance, while the (110) crystal 
surface provides p-type field effect transistors (pFETs) 
with high performance. 

[0005] Electrons are known to have a high mobility for a (100) Si 
surface orientation, but holes are known to have high mo- 
bility for a (110) surface orientation. That is, hole mobility 
values on (100) Si are roughly 2x-4x lower than the cor- 
responding electron hole mobility for this crystallographic 
orientation. To compensate for this discrepancy, pFETs 
are typically designed with larger widths in order to bal- 
ance pull-up currents against the nFET pull-down cur- 
rents and achieve uniform circuit switching. PFETs having 
larger widths are undesirable since they take up a signifi- 
cant amount of chip area. 

[0006] on the other hand, hole mobilities on (110) Si are approx- 
imately 2x higher than on (100) Si; therefore, pFETs 
formed on a (110) surface will exhibit significantly higher 
drive currents than pFETs formed on a (100) surface. Un- 



fortunately, electron mobilities on (110) Si surfaces are 
significantly degraded compared to (100) Si surfaces. 

[0007] p r j or attempts to provide substrates having multiple ori- 
entations have not provided planar silicon-on-insulator 
(SOI) substrates for both nFET and pFET devices. SOI sub- 
strates are advantageous over bulk-Si substrates, since 
SOI substrates reduce parasitic capacitance within the in- 
tegrated circuit and reduce individual circuit loads, 
thereby improving circuit and chip performance. 

[0008] | n V j ew 0 f the above, there is a need for providing inte- 
grated semiconductor devices that are formed upon a pla- 
nar SOI substrate having different crystal orientations that 
provide optimal performance for a specific device. That is, 
there is an overwhelming need to create a planar SOI sub- 
strate which allows one type of device, such as, for exam- 
ple, a pFET, to be formed on a certain crystallographic 
surface, e.g., a (110) surface, while forming another type 
of device, such as, for example, an nFET, on another crys- 
tallographic surface, e.g., a (100) surface. 
Summary of Invention 

[0009] one object of the present invention is to provide a struc- 
ture and method for manufacturing substantially planar 
SOI substrates with multiple crystallographic orientations. 



[0010] Another object of the present invention is to provide a 
method of integrating semiconductor devices such that 
different types of devices are formed upon a specific crys- 
tal orientation of a substantially planar SOI substrate that 
enhances the performance of the device. 

[001 1] a further object of the present invention is to provide a 
method of integrating semiconductor devices such that 
the pFETs are located on a (110) crystallographic plane, 
while the nFETs are located on a (100) crystallographic 
plane of an SOI substrate. 

[0012] These and other objects and advantages are achieved by 
utilizing a method that includes the steps of wafer bond- 
ing, masking, etching, regrowth, and planarization pro- 
cesses. Specifically, the method of the present invention 
comprises the steps of: 

[0013] providing a multiple orientation surface atop a single ori- 
entation layer, the multiple orientation surface comprising 
a first device region contacting and having the same crys- 
tal orientation as the single orientation layer, and a sec- 
ond device region separated from the first device region 
and the single orientation layer by an insulating material, 
wherein the first device region and the second device re- 
gion have different crystal orientations; 



[0014] forming a damaged interface in the single orientation 
layer; 

[0015] bonding a wafer to the multiple orientation surface; 

[0016] separating the single orientation layer at the damaged in- 
terface, wherein a damaged surface of the single orienta- 
tion layer remains; and 

[0017] pianarizing the damaged surface until a surface of the 

first device region is substantially coplanar to a surface of 
the second device region. 

[0018] | n accordance with the present invention, the initial struc- 
ture having a multiple orientation surface atop a single 
orientation layer may be provided by a wafer bonding 
process. 

[0019] First, a semiconductor layer is bonded to the single orien- 
tation layer, in which an insulating layer separates the first 
semiconducting layer from the single orientation layer. 
The semiconductor layer and the single orientation layer 
have different crystallographic orientations. In a next pro- 
cess step, a portion of the semiconducting layer is defined 
to form the second device region, in which the second de- 
vice region has the same crystallographic orientation of 
the semiconductor layer. The second device region is de- 
fined by forming a block mask protecting a portion of the 



first semiconducting layer, while leaving another portion 
of the bonded substrate unprotected. The unprotected 
portion of the semiconducting layer is then etched to ex- 
pose a surface of the single orientation layer. An insulat- 
ing material is then formed around the second device re- 
gion. The second device region can further include a pla- 
narization stop layer positioned between the semiconduc- 
tor layer and the insulating layer. 
[0020] An epitaxially grown semiconductor material is then 

formed on the exposed surface of the single orientation 
layer to produce a first device region having the same 
crystal orientation as the single orientation layer. The first 
device region has a crystal orientation that is different 
from the second device region. The exposed surfaces of 
the first device region and the second device region are 
then planarized to be substantially coplanar, hence pro- 
viding the multiple orientation surface atop the single ori- 
entation layer. 

[0021] a damaged interface in then formed in the single orienta- 
tion layer by ion implanting hydrogen atoms. Following 
the formation of the damaged interface, a planarized 
bonding layer is formed atop the multiple orientation 
layer, in which the planarized bonding layer is then con- 



tacted by a wafer under conditions that are capable of 
bonding the wafer to the planarized bonding layer. The 
single orientation layer is then split along the damaged 
interface. A separated portion of the single orientation 
layer is discarded exposing a damaged surface of a re- 
maining single orientation layer. 

[0022] The damaged surface of the remaining single orientation 
structure is then planarized using chemical mechanical 
polishing (CMP), or like process. The planarization process 
continues through the remaining portion of the single ori- 
entation layer stopping on the planarization stop layer of 
the second device region. A thermal oxide layer is then 
formed on the second device region so that the thermal 
oxide layer is substantially coplanar with the planarization 
stop layer. The planarization stop layer and the thermal 
oxide layer are then removed by a selective etch process. 

[0023] The first device region may be further processed to in- 
clude at least one pFET device, in which the crystallo- 
graphy orientation of the first device region is preferably 
a (110) crystal plane. The second device region may be 
further processed to include at least one nFET device, in 
which the crystallographic orientation of the second de- 
vice region is preferably a (100) crystal plane. 



[0024] Another aspect of the present invention relates to a sub- 
stantially planar multiple crystallographic orientation SOI 
substrate produced by the above method. Specifically, the 
structure of the present invention comprises: 

[0025] a substantially planar SOI substrate comprising a first de- 
vice region having a first crystallographic orientation and 
a second device region having a second crystallographic 
orientation, the first crystallographic orientation being 
different from the second crystallographic orientation; and 

[0026] an insulating material separating the first device region 

from the second device region. 
Brief Description of Drawings 

[0027] FIGS. 1-11 are pictorial representations (through cross 

sectional views) illustrating the basic processing steps uti- 
lized in the present invention in forming a substantially 
planar SOI substrate having multiple crystallographic ori- 
entation planes. 

[0028] FIG. 12 is a pictorial representation (through cross sec- 
tional views) of nFET and pFET devices formed atop the 
optimized device regions of the inventive substantially 

planar SOI substrate. 
Detailed Description 



[0029] The present invention, which provides a method of form- 
ing a substantially planar SOI substrate having different 
crystallographic surfaces, will now be described in greater 
detail by referring to the following discussion as well as 
the drawings that accompany the present application. In 
the accompanying drawings, like and correspondence ele- 
ments are referred to by like reference numerals. 

[0030] Reference is first made to the initial structure shown in 
FIG. 1, in which a bonded substrate 10, i.e., hybrid sub- 
strate, is provided that may be employed in the present 
invention. As shown, bonded substrate 10 includes a first 
semiconductor layer 16, a first planarization stop layer 
18, a first insulating layer 14, and a second semiconduc- 
tor layer 12. 

[0031] The first semiconductor layer 16 is comprised of any 

semiconducting material including, for example, Si, SiC, 
SiGe, SiGeC, Ge alloys, GaAs, InAs, InP as well as other III/ 
V or 1 1 /VI compound semiconductors. First semiconductor 
layer 16 may also comprise an SOI layer of a preformed 
SOI substrate or a layered semiconductor such as, for ex- 
ample, Si/SiGe. The first semiconductor layer 16 has a 
first crystallographic orientation, which is preferably a 
(100) crystal plane. Although a (100) crystal plane is pre- 



ferred, the first semiconductor layer 16 may alternatively 
be in a (111), (110) or other crystal plane. 

[0032] The thickness of the first semiconductor layer 16 may vary 
depending on the initial starting wafers used to form the 
bonded substrate 10. Typically, however, the first semi- 
conductor layer 16 has a thickness from about 5 nm to 
about 500 nm, with a thickness from about 5 nm to about 
100 nm being more highly preferred. 

[0033] The first insulating layer 14 which is located between the 
first semiconductor layer 16 and the planarization stop 
layer 18 has a variable thickness depending upon the ini- 
tial wafers used to create the bonded substrate 10. Typi- 
cally, however, the first insulating layer 14 has a thickness 
from about 10 nm to about 500 nm, with a thickness from 
about 20 nm to about 100 nm being more highly pre- 
ferred. The insulating layer 14 is an oxide or other like in- 
sulator material, preferably being Si0 2 - 

[0034] The planarization stop layer 18 which is located between 
the first insulating layer 14 and the first semiconductor 
layer 16 has a thickness ranging from about 5 nm to 
about 20 nm, with a thickness of about 10 nm being 
highly preferred. The planarization stop layer 18 is a ni- 
tride or oxynitride material, preferably being Si N . 



[0035] The second semiconductor layer 12 is comprised of any 

semiconducting material which may be the same or differ- 
ent from that of the first semiconductor layer 16. Thus, 
second semiconductor layer 12 may include, for example, 
Si, SiC, SiGe, SiGeC, Ge alloys, GaAs, InAs, InP as well as 
other Ill/Vor 1 1 /VI compound semiconductors. Second 
semiconductor layer 12 may also comprise an SOI layer of 
a preformed SOI substrate or a layered semiconductor 
such as, for example, Si/SiGe. The second semiconductor 
layer 12 has a second crystallographic orientation, which 
is different from the first crystallographic orientation. 
Since the first semiconductor layer 16 is preferably a (100) 
surface, the crystallographic orientation of the second 
semiconductor layer 12 is preferably (110). Although a 
(110) crystal plane is preferred, the second semiconductor 
layer 12 may alternatively be in a (111), (100) or other 
crystal plane. 

[0036] The bonded substrate 10 can be formed by thermally 

bonding the first semiconductor layer 16 and the second 
semiconductor layer 12 through insulating layers posi- 
tioned there between, such as the first planarization stop 
layer 18 and the first insulating layer 14. For example, the 
first planarization stop layer 18 is deposited on the first 



semiconductor layer 16 and the insulating layer 14 is de- 
posited on the second semiconductor layer 12. The first 
planarization stop layer 18 is then contacted with the first 
insulating layer 14 under thermal conditions sufficient to 
create bonding between the first planarization stop layer 
18 and the insulating layer 14. During the thermal bond- 
ing process, the first semiconductor layer 16 and the sec- 
ond semiconductor layer 12 may be supported by han- 
dling wafers that are discarded following bonding. 

[0037] still referring to FIG. 1, a dielectric stack 5 is then formed 
atop the first semiconductor layer 16. The dielectric stack 
5 includes at least a second insulating layer 6 and a sec- 
ond planarization stop layer 7 and can be formed using 
deposition processes. 

[0038] The second insulating layer 6 may comprise an oxide, ni- 
tride, oxynitride or other insulating material, preferably 
being Si0 2 , and may be formed using deposition pro- 
cesses, such as chemical vapor deposition. The second in- 
sulating layer 6 can have a thickness from about 10 nm to 
about 500 nm, with a thickness from about 20 nm to 
about 100 nm being more highly preferred. 

[0039] The second planarization stop layer 7 is a nitride or 

oxynitride material, preferably being Si N , and can be 



formed using conventional deposition processes, such as 
chemical vapor deposition. The second planarization stop 
layer 7 can have a thickness ranging from about 5 nm to 
about 15 nm, with a thickness of about 10 nm being 
highly preferred. 

[0040] Referring to FIG. 2, following the formation of the dielec- 
tric stack 5, a mask 20 is formed on a predetermined por- 
tion of the second insulating layer 6, so as to protect a 
portion of the dielectric stack 5 and the underlying bond- 
ing substrate 10, while leaving another portion of the di- 
electric stack 5 and the bonded substrate 10 unprotected. 
The unprotected portion of the bonded substrate 10 de- 
fines a first device area 24 of the structure, whereas the 
protected portion of the bonded substrate 10 defines a 
second device region 22. In one embodiment, mask 20 is 
formed on a predetermined portion of the second insulat- 
ing layer 6 by applying a photoresist layer to the entire 
surface of the bonded substrate 10. After application of 
the photoresist layer, the mask 20 is patterned by lithog- 
raphy, which includes the steps of exposing the photore- 
sist to a pattern of radiation and developing the pattern 
utilizing a resist developer. 

[0041] After providing the mask 20, the structure is subjected to 



one or more etching steps so as to expose a surface of 
the second semiconductor layer 12. Specifically, the one 
or more etching steps used at this point of the present in- 
vention removes the unprotected portions of the second 
insulating layer 6, the second planarization layer 7, the 
first semiconductor layer 16, and the first insulating layer 
14, stopping on the second semiconducting layer 12. The 
etching used at this point of the present invention may in- 
clude a dry etching process, such as reactive-ion etching, 
ion beam etching, plasma etching or laser etching. In a 
preferred embodiment of the present invention, reactive- 
ion etching (RIE) is used in selectively removing the un- 
protected portions of the second planarization stop layer 
7, the second insulating layer 16, the first semiconductor 
layer 16, and the first insulating layer 14 without substan- 
tially etching the second semiconductor layer 12. The re- 
sultant structure after the etching process has been per- 
formed is shown, for example, in FIG. 2. 
[0042] Referring to FIG. 3, the mask 20 is then removed utilizing 
a conventional resist stripping process. Following the re- 
moval of the mask 20, an insulating spacer 25 is formed 
on the exposed sidewalls of the remaining portions of the 
second planarization stop layer 7, the first semiconductor 



layer 16, the second planarization stop layer 18 and the 
first insulating layer 14 in the second device region 22. 
The insulating material 25 is formed by deposition and 
etching and can be comprised of any insulator, such as an 
oxide. 

[0043] Referring to FIG. 4, a semiconductor material 26 is then 
epitaxially grown in the first device region 24, on the ex- 
posed surface of the second semiconductor layer 12. In 
accordance with the present invention, semiconductor 
material 26 has a crystallographic orientation that is the 
same as the crystallographic orientation of the second 
semiconductor layer 12. Preferably, the crystal plane of 
the semiconductor material 26 is (110). Although a (110) 
crystal plane is preferred, the semiconductor material 26 
may alternatively have (111), (100) or crystal planes. 

[0044] The semiconductor material 26 may comprise any Si- 
containing semiconductor, such as Si, strained Si, SiGe, 
SiC, SiGeC or combinations thereof, which is capable of 
being formed utilizing a selective epitaxial growth 
method. In some preferred embodiments, semiconductor 
material 26 is comprised of Si. In the present invention, 
semiconductor material 26 may be referred to as a re- 
grown semiconductor material 26. 



[0045] Next, the structure shown in FIG. 4 is subjected to a pla- 
narization process such as chemical mechanical polishing 
(CMP) or grinding such that the upper surface of the re- 
grown semiconductor material 26 is substantially planar 
with the upper surface of the second planarization stop 
layer 7, as depicted in FIG. 5. 

[0046] Referring to FIG. 6, a first thermal oxide layer 27 is then 
formed atop the semiconductor material 26 so that the 
first device region 24 has a surface substantially coplanar 
to the first semiconductor layer 16. The first thermal ox- 
ide layer 27 is formed by thermal oxidation of Si and can 
have a thickness ranging from about 10 nm to about 15 
nm, so long as the top surface of the first thermal oxide 
layer 27 is substantially coplanar to the top surface of the 
second planarization stop layer 7. Preferably, the first 
thermal oxide layer 27 is SiCK 

[0047] Following oxidation, the resultant structure comprises a 
substantially planar multiple orientation surface 29 atop 
the second semiconductor layer 12, as depicted in FIG. 6. 
The substantially planar multiple orientation surface 29 
comprises the first device region 24 and the second de- 
vice region 22, where the first device region 24 and the 
second device region 22 are separated by insulating ma- 



terial 25. As discussed above, the first device region 24 
and the second device region 22 have different crystallo- 
graphy orientations. The second semiconductor layer 12 
has a single crystal orientation and is hereafter referred to 
as a single orientation layer 12. 
[0048] Referring to FIG. 7, in a next process step a damage inter- 
face 28 is formed within the single orientation layer 12 by 
implanting hydrogen ions, or other like ions, into the sin- 
gle orientation layer 12. The hydrogen ions may be im- 
planted by conventional ion implantation using a dosage 
ranging from about lxlO 16 atoms/cm 2 to about 2xl0 17 
atoms/cm . The hydrogen atoms may be implanted using 
an implantation energy ranging from about 50 keV to 
about 150 keV. 

[0049] Following the formation of the damaged interface 28, the 
face of the multiple orientation surface 29 is processed to 
provide a planar surface for wafer bonding. Prior to bond- 
ing, the first planarization stop layer 7 can be removed 
using an etch process having a high selectivity for remov- 
ing the first planarization layer 7 without substantially 
etching the first semiconductor layer 6, insulating material 
25, and first thermal oxide layer 27. 

[0050] a planar bonding layer 33, comprising an insulating layer, 



is then formed using deposition and planarization pro- 
cesses. Specifically, an insulating layer is formed atop the 
exposed surface of the first semiconducting layer 16, the 
first thermal oxide layer 27, and the insulating material 25 
using conventional deposition processes, such as chemi- 
cal vapor deposition. The insulating layer is then pla- 
narized to produce the planar bonding layer 33 using 
conventional planarization methods, such as CMP. Prefer- 
ably, the planar bonding layer 33 is an oxide having a 
thickness ranging from about 100 nm to about 200 nm, 
most preferably being Si0 2 having a thickness of 150 nm. 
[0051] a wafer 30 is then bonded to the planar bonding layer 33. 
Bonding is achieved by first bringing the wafer 30 into in- 
timate contact with the face of the planar bonding layer 
33; optionally applying an external force to the contacted 
wafer 30 and planar bonding layer 33; and then heating 
the two contacted surfaces under conditions that are ca- 
pable of bonding. The heating step may be performed in 
the presence or absence of an external force. The heating 
step is typically performed in an inert ambient at a tem- 
perature from about 200°to about 1050°C for a time pe- 
riod from about 2 hours to about 20 hours. More prefer- 
ably, the bonding is performed at a temperature from 



about 200°to about 400°C for a time period from about 2 
to about 20 hours. The term "inert ambient" is used in the 
present invention to denote an atmosphere in which an 
inert gas, such as He, Ar, N 2 , Xe, Kr or a mixture thereof, 
is employed. A preferred ambient used during the bond- 
ing process is 

[0052] During bonding, the single orientation layer 12 is then 
separated about the damaged interface 28 of the single 
orientation layer 12, in which a portion 31 of the single 
orientation layer 12 positioned below the implanted ion 
region 28 is removed and a portion 33 of the single orien- 
tation layer 12 above the damaged interface remains, as 
depicted in FIG. 8. 

[0053] Referring to FIG. 9, the remaining portion 32 of the single 
orientation layer 12 is then subjected to a planarization 
process, such as chemical mechanical polishing (CMP) or 
grinding. The planarization process removes the remain- 
ing portion 32 of the single orientation layer 12, the first 
insulating layer 14, a portion of the insulating material 25, 
and a portion of the regrown semiconducting material 26. 
The planarization process ends on the first planarization 
stop layer 18 and exposes a surface 38 of the regrown 
semiconducting material 26. 



[0054] Referring to FIG. 10, in a next process step a second ther- 
mal oxide layer 34 is formed atop the exposed surface 38 
of the regrown semiconducting material 26, so that the 
regrown semiconducting material 26 in the first device re- 
gion 24 has a surface coplanar to the first semiconductor 
layer 6 in the second device region 22. The second ther- 
mal oxide layer 34 is formed by a thermal oxidation of Si. 
The second thermal oxidation consumes Si from the ex- 
posed surface 38 of the regrown semiconducting material 
26, therefore leveling the upper surface 38 of the regrown 
semiconducting 38" material 26 in the first device region 
24 to the upper surface 37 of the first semiconductor 
layer 16 in the second device region 22. The second ther- 
mal oxide layer 34 can have a thickness ranging from 
about 10 nm to about 15 nm, so long as the top surface 
38"of the regrown semiconducting material 26 is substan- 
tially coplanar to the top surface 37 of the first semicon- 
ductor layer 16. The thickness of the regrown semicon- 
ducting material 26 can be different from the first semi- 
conductor layer 16. Preferably, the second thermal oxide 
layer 34 is Si0 2 - 

[0055] Referring to FIG. 11, and in a next process step, the sec- 
ond thermal oxide layer 34 and the first planarization 



stop layer 18 are removed using a selective etch process, 
wherein the resulting structure comprises a substantially 
planar SOI substrate 50 comprising a first device region 
24 having a first crystallographic orientation and a second 
device region 22 having a second crystallographic orien- 
tation, the first crystallographic orientation being different 
from the second crystallographic orientation. The first de- 
vice region 24 and the second device region 22 are sepa- 
rated by insulating material 25. Preferably, the first crys- 
tallographic orientation has a (110) crystal plane and the 
second crystallographic orientation has a (100) crystal 
plane. 

[0056] The planar SOI substrate 50 may be further processed us- 
ing conventional MOSFET processing steps to form at least 
one pFET device 36 in first device region 24 and at least 
one nFET device 35 in the second device region 22, as de- 
picted in FIG. 12. It is noted that although FIG. 12 only 
depicts one pFET device 36 and only one nFET device 35, 
multiple nFET and pFET devices may also be formed on 
the inventive substrate 50 and are therefore within the 
scope of the present invention. The substantially planar 
SOI substrate 50 may also be processed using conven- 
tional fin MOSFET (FinFet) processing steps to make Fin- 



Fets. In this case, the crystalline orientation of the first 
device region 24 and the second device region 22 for p- 
type and n-type FinFet devices may be different than the 
crystalline orientation of the first device region 24 and the 
second device region 22 for p-type and n-type planar 
MOSFET devices. 
[0057] while the present invention has been particularly shown 
and described with respect to preferred embodiments 
thereof, it will be understood by those skilled in the art 
that the foregoing and other changes in forms and details 
may be made with departing from the spirit and scope of 
the present invention. It is therefore intended that the 
present invention not be limited to the exact forms and 
details described and illustrated, but fall within the scope 
of the appended claims. 



